hypotonia, of whatever cause, while others, following Oppenheim's original description, have reserved this label for cases which show signs of spontaneous improvement. All too often, this difference in usage has resulted in regrettable misunderstandings, when one doctor has diagnosed amyotonia in a child with obvious spinal muscular atrophy, and another, encouraged by textbook descriptions of improvement in cases of this syndrome, has given a good prognosis, only to be proved hopelessly wrong by the course of events.
The diagnosis of amyotonia congenita, through common usage, is now generally taken to include all cases in which generalized weakness and hypotonia of the skeletal musculature is present at birth, or is noted within the first three months, and in which there is no clear evidence of any cerebral, skeletal or metabolic disorder. Admittedly, signs of brain disease or metabolic defect are notoriously difficult to elicit in the first few months of life and this is why so many cases with hypotonia symptomatic of systemic disease are initially impossible to distinguish from others with a primary neuromuscular abnormality. Having defined the syndrome it is possible to say that its causes can be divided into three principal groups which are: (1) Infantile spinal muscular atrophy and related syndromes.
(2) Symptomatic hypotonia. (3) "Benign congenital hypotonia."
Before discussing the means of differentiating between cases in these groups it will be important to discuss briefly their clinical and pathological features.
(I) Infantile spinal muscular atrophy and related syndromes.-Werdnig (1891) and Hoffmann (1893) described the clinical and pathological features of a condition which often affected more than one member of a sibship and began usually in the second six months of life with progressive, flaccid paralysis of the limbs and trunk. The disease was invariably fatal and histological study of the spinal cord revealed that paralysis was due to extensive degenerative changes in the anterior horn cells. When, in 1900, Oppenheim described a condition characterized by a similar muscular weakness and hypotonia of onset at birth, but differing in its tendency to improvement, many authors, including Collier and Wilson (1908) seiZed upon the age of onset as the crucial point in diagnosing Werdnig-Hoffmann disease trom amyotonia congenita. However, subsequent work revealed that most babies presenting with severe hypotonia at or shortly after birth showed the same downhill course as did typical cases of Werdnig-Hoffmann disease of later onset. In such cases the pathological changes, too, were identical (Greenfield and Stern, 1927) and hence the view became current that Oppenheim's amyotonia congenita and the Werdnig-Hoffmann disease were expressions of an identical pathological process, which in cases of the former type was present at birth, while in the latter, the condition began postnatally. Grinker (1927) , on the other hand, suggested that while the abnormality in each condition was primarily One of the anterior horn cells, the former was due to a failure of development, the latter to an active degenerative process. Burdick, Whipple and Freeman (1945) believe that in amyotonia congenita there is an abnormality in development of the entire motor system, from the motor cortex to the anterior horn cells, and this view has gained a number of advodates.
These differing opinions have been considered in detail by Brandt (1950) who carried out a follow-up study of 131 cases previously diagnosed as amyotonia congenita or infantile spinal muscular atrophy. He concluded that the course and prognosis of infantile spinal muscular atrophy was not dependent upon the age of onset and within this group of cases it was not possible to identify a syndrome in which spontaneous improvement occurred, nor one in which the disease process had run its course at birth and showed no further progress. In a recent review of 30 cases, Arthuis (1954) has reached similar conclusions, as I have in a follow-up study of 67 cases reported elsewhere (Walton, 1956) . It seems probable that some cases of the condition referred to as arthrogryposis multiplex congenita (Stern, 1923) or amyoplasia congenita (Sheldon, 1932) are due to a similar spinal muscular atrophy beginning in intra-uterine life (Brandt, 1947) , even though others may, as Stern suggested, be the result of a congenital limitation of joint movement, perhaps owing to excessive intra-uterine pressure. It may be suggested, therefore, that a similar disorder of anterior horn cells may give rise to the syndrome of arthrogryposis multiplex congenita if it begins early in intra-uterine life, to the initial clinical picture of amyotonia congenita if it develops at, or shortly before birth, and to the typical Werdnig-Hoffmann syndrome if it begins post-natally.
(2) Symptomatic hypotonia.-Diagnosis is complicated even further by the fact that a variety of other disorders may give rise to symptomatic muscular hypotonia in infancy. These causes have been discussed in detail by Brandt (1950) , by Tizard (1954) , and by Sandifer (1955) . A number of the disorders which may present in this way are listed in Table I . Many of them were represented in the 25 cases of symptomatic hypotonia which emerged from my follow-up of 109 cases of the amyotonia congenita syndrome (Walton, 1956) . The clinicalfeatures of symptomatic hypotonia. A proportion of cases of the Duchenne or pseudohypertrophic type of muscular dystrophy may show signs of muscular weakness during the first year of life. In only a few of these is hypotonia with excessive mobility at the joints a striking feature, but I have seen at least 3 cases in which this was true. Each of these children was limp and floppy as a baby and tended to "slip through the hands"; they were late in walking and did so clumsily with frequent falls. As they grew older pseudohypertrophy of the calves appeared and progressive deterioration was apparent, but in the beginning, in the absence of a positive family history, accurate diagnosis on the basis of clinical findings alone was virtually impossible. I have seen only 1 case of polymyositis in infancy and few have been described (Bovet, 1936) ; although this condition may give generalized muscular hypotonia, signs of constitutional upset and of muscular tenderness with subsequent induration and fibrosis of muscles are generally apparent in cases occurring at this age and act as valuable distinguishing features. In myasthenia gravis, too, the ptosis and other evidence of involvement of the cranial musculature, signs which are usually apparent even in infancy, may, when added to evidence of general muscular weakness, be sufficient to demand a therapeutic test with Tensilon or Prostigmin. Polyneuritis in infancy appears to be a rare disease, even though Adams, Denny-Brown and Pearson (1953) considered that this condition may account for many recoveries from so-called amyotonia congenita; I have no personal experience of this condition, and I was unable to find a single case in the records at The Hospital for Sick Children, Great Ormond Street, over a twelve-year period. However, I should imagine that in cases of this type, the muscular weakness and hypotonia would often show a relatively rapid onset, that there might sometimes be evidence of ascending paralysis, and that the cerebrospinal fluid protein would be raised. Three possible cases of infantile polyneuritis giving the clinical picture of amyotonia congenita have been described by Chambers and MacDermot (1957) .
In the various cerebral disorders which may be accompanied by severe muscular hypotonia, any infant which is found to have hypotonic musculature following prolonged cyanosis after a difficult labour, may be presumed to have a cerebral birth injury, particularly if other evidence of brain damage is present. The infant with cerebral palsy, too, may have remarkably limp and flaccid limbs, and may show a striking delay in the development of motor skills, while unusual posturing of the limbs with rather sinuous movements may herald the development of athetosis. Generally, in such cases the tendon reflexes are retained or even unusually brisk, and the plantar responses may remain unequivocally extensor long after the usual age. Similar features usually become evident in cases of cerebral lipidosis which may also be generally hypotonic in the beginning, but subsequently epileptic manifestations and particularly myoclonus on startle, usually develop. In kernicterus, too, there may be a history of prolonged neonatal jaundice, while associated deafness and evidence of rhesus incompatibility may be invaluable distinguishing features.
Finally in this group we must mention the mentally defective child, whose limbs are often limp and unusually mobile on passive movement, and whose delay in motor development may be much more striking than his relatively slight mental backwardness. The diagnosis of minor degrees of mental defect in infancy can be a matter of the greatest difficulty and may call upon all the pediatrician's reserves of skill and experience in assessing the infant's behaviour against a background of known variations in normal development.
When one comes to consider the various nutritional and metabolic disorders which I have listed, it is almost possible to dismiss rickets as a disease which no longer occurs in this country, except in infants with renal disease. Usually in this entire group of cases it is apparent that the muscular weakness and hypotonia which the infant shows is a relatively secondary feature and is overshadowed by fever, by wasting or by some other striking features of systemic disease. When generalized hypotonia develops after an acute illness, rapid recovery is usually the rule, but when the condition is more prolonged, careful attention to the dietary history, urinalysis, examination of the stools, radiographs and biochemical studies, revealing perhaps hypercalcoamia or urinary infection with nephrocalcinosis, may solve the problem. The diagnosis of cretinism, too, will rarely present much difficulty to the experienced paediatrician after the first few weeks of life. It is in the less common cases where muscular hypotonia is the presenting feature, overshadowing the evidence of general disease, that difficulty arises. I remember, for instance, twin baby girls whose limbs were limp and flabby and who made no attempt to sit between the sixth and ninth months of life. They were also somewhat miserable and tended to cry whenever their limbs were handled. It was only after radiographs of the limbs had revealed subperiosteal thickening that it was discovered that these children were suffering from scurvy; their muscular hypotonia disappeared rapidly after treatment with ascorbic acid. In a similar case which I saw during 1955, a boy aged 14 months had strikingly weak and mobile limbs (particularly the legs), could only sit with difficulty and had made no attempt to stand. He also had an enlarged liver and spleen and was found to be a case of glycogen storage disease. It must be mentioned, however, that in some cases of this type there is no hepatomegaly or splenomegaly as the disorder of glycogen storage is confined either to the muscles-when the diagnosis may only be made by histochemical studies of muscle removed by biopsy-or to the ganglion cells of the central nervous system (Clement and Godman, 1950; Krivit et al., 1953) .
Among the skeletal conditions which may be associated with muscular hypotonia is osteogenesis imperfecta; in late infancy this condition may present with flabbiness and undue mobility of the limbs but the family history and subsequent development of fractures will generally lead to the correct diagnosis being made. In arachnodactyly, muscular hypotonia is generally slight, though the limbs may always seem to be unusually mobile; here the diagnosis will be made on the appearance of the digits, on the family history and the association of other defects such as arching of the palate or cardiac abnormalities. It should also be remembered that some infants with congenital heart disease (particularly the tetralogy of Fallot) may be limp and flabby, as may others with multiple congenital abnormalities, of, say, heart and skeleton. The diagnosis of the rare spinal cord birth injury is not generally difficult to make, as there is generally severe flaccid paralysis of the lower limbs only, often with sensory loss. And finally, in considering the causes of symptomatic hypotonia, the possibility of misinterpretation of physical signs should be remembered; in some cases of bilateral congenital hip dislocation, for instance, the comparative immobility of the lower limbs may be wrongly attributed to muscular weakness.
(3) Benign congenital hypotonia.-This third and smallest group of cases is for many reasons the most important, since in these children the muscular weakness and hypotonia, though initially profound, resolves gradually and a significant proportion of the patients recover completely, without showing signs of any cerebral, metabolic or skeletal disorder.
In a follow-up study of 109 cases previously diagnosed as amyotonia congenita, I found (Walton, 1956 ) that 17 proved to be of this type; these cases have been reported in detail (Walton, 1957) . 8 of them (3 male, 5 female) had recovered completely and 9 (4 male, 5 female) had improved but showed some degree of residual disability. Subsequently, I have observed 2 additional cases which I shall describe briefly as illustrative of the condition. Case I.-J. N. was first seen in 1952 at the age of 18 months. She was bom at term by a normal delivery and seemed to thrive but it was soon apparent that all her limbs were limp and "floppy", that they could be placed in unusual positions, and that she tended to "slip through the hands". She made no attempt to sit until she was just over a year old and when seen aged 18 months she was unable to stand, and her trunk seemed to slump when she sat on the floor. There was severe generalized muscular hypotonia but nevertheless spontaneous movements of the limbs were quite good and the tendon reflexes were present. A provisional diagnosis of amyotonia congenita was made. The child was not seen again until 1956. Soon after the previous attendance she had begun to improve and had walked alone, though clumsily and with frequent falls, shortly after she was 2 years old. Improvement thereafter was rapid; on examination in late 1956 at the age of recovered completely. Case II.-R. K. was first seen in 1952 at the age of 12 months and then presented a clinical picture similar to that described in J. N. After a normal birth the child appeared to thrive but it was subsequently noted that he moved very little and was limp and "floppy". On examination he was unable to sit; all movements of the limbs were weak, there was a profound generalized hypotonia with striking hypermobility of the joints, and the tendon reflexes were generally depressed. A diagnosis of amyotonia congenita was made; despite the absence of fasciculation of the tongue and although respiratory movement was reasonably good, it was thought that the child might turn out to be a case of progressive spinal muscular atrophy. Subsequently, however, he showed slow improvement, was able to sit at 18 months and took a few steps unaided when nearly 3 years old. When re-examined at the age of 5 he walked reasonably well with slight accentuation of the lumbar lordosis but was unable to rise from the floor without making use of his hands. There was a slight thoracic scoliosis. All the skeletal muscles were unusually small and weaker than the normal; this atrophy and weakness, though not showing the typical selectivity of progressive muscular dystrophy, affected sternomastoids more than the posterior neck muscles and proximal limb muscles more than the distal. Muscular hypotonia and joint hypermobility persisted, particularly at the hips and wrists, but the deep tendon reflexes were all present and equal. Electromyography and muscle biopsy were not performed. This child has shown slow but steady improvement since the age of 3, but from my experience of other similar cases I doubt whether he will recover completely.
These 2 cases illustrate very well the salient features of the syndrome of benign congenital hypotonia and these are summarized in Table II , in which information from the 17 cases previously described is also included. In all cases the EMG was "myopathic" and muscle biopsy was normal In summarizing the clinical features as I have observed them I think one can say that babies in both groups show a reduction in spontaneous movements of the limbs in addition to generalized hypotonia and an increased range of passive movement of the joints, but that each of these features is of greater severity in the cases which show incomplete recovery. Similarly, respiratory muscle weakness is seen only in the severe cases, in which depression of the tendon reflexes is also more severe. When I say that electromyographip tracings are "myopathic" I mean that in the cases which I have examined, the interference pattern on voluntary effort showed excessive polyphasic and short duration potentials, as seen in myopathic disorders. This finding, which clearly requires confirmation and amplification in future studies, does not necessarily imply an active myopathic process, but may simply mean that many motor units are populated with less than the normal number of muscle fibres. Turning to the muscle biopsy findings, it is true that in 6 of the cases which I have seen, specimens of muscle obtained at biopsy showed no abnormality when stained with conventional techniques. It is worth noting, however, that Coers and Pelc (1954) and Woolf and Till (1955) , who have each studied single cases which may be of thig type, using intravital staining of motor end-plates with methylene blue, found that the end-plates were "immature".
Considering now the relationship of benign congenital hypotonia to other conditions previously described, I believe that many of the cases described by Sobel in 1926 under the title of "essential or primary hypotonia" were of this type. Some of his cases, however, were probably examples of "congenital laxity of the ligaments", which seems to be a separate disorder, since it is often inherited, and the excessive mobility of joints (as seen in contortionists) persists throughout life, but there is no muscular weakness, delay in development, or physical handicap. The cases which recover incompletely are strikingly reminiscent of the "benign congenital myopathy" described by Turner (1940 Turner ( , 1949 save for the fact that his patients showed a selective muscular atrophy like that of muscular dystrophy and in one of them pathological changes in the muscle were found which were interpreted as myopathic in type. However, it seems possible that these pathological changes, consisting of areas of focal degeneration and phagocytosis of muscle fibres, were related to the terminal illness, namely bacterial endocarditis, from which the patient died after a long period in bed; changes of this type are usually seen only in rapidly progressive cases of muscular dystrophy and would be unexpected in a benign, long-standing myopathic disorder. My cases with residual disability show an even closer resemblance to the condition of "congenital universal muscular hypoplasia" described by Krabbe (1946) and Ford (1952) . I have given reasons (Walton, 1957) for suggesting that Turner's "congenital myopathy", Krabbe's "universal muscular hypoplasia" and "benign congenital hypotonia with incomplete recovery" must be closely related, if not identical.
When we come to consider the etiology of this clinical syndrome, the findings of Coers and PeIc (1954) and of Woolf and Till (1955) suggest that in certain cases it may be due to an immaturity of the neuromuscular apparatus, which is sometimes overcome by the processes of postnatal development but in other patients is too severe for this natural adjustment to occur. There are, however, many other possible explanations which require exploration by means of electrophysiological, biochemical and neuropathological techniques. I should prefer to conclude by considering briefly some of the principles of differential diagnosis in cases of infantile hypotonia.
DIFFERENTIAL DIAGNOSIS
From the point of view of the practising physician, this is the most important problem of all and it is one which bristles with difficulties. If the prognosis is to be foretold with any degree of confidence, it is essential to decide at the earliest possible moment whether the child is suffering from spinal muscular atrophy, from symptomatic hypotonia, or from the syndrome of benign congenital hypotonia. If the diagnosis is spinal atrophy then the prognosis is grave and treatment of no avail; if symptomatic hypotonia, the prognosis is that of the underlying condition, for which specific treatment may be required; while if benign congenital hypotonia is diagnosed a guardedly favourable prognosis may be given until it becomes apparent whether the child will recover completely or incompletely, and in the meantime physiotherapeutic supportive measures and appliances to prevent deformities (such as spinal jackets in occasional cases) may be needed. In Table III I have tried to bring together a number of the points which may aid in differential diagnosis. often be demonstrated by soft-tissue radiographs. The characteristic picture of the virtually immobile child, who lies with the arms abducted and externally rotated and with hips abducted and knees flexed, scarcely moving except to breathe, is very characteristic. On being lifted the child is limp and unresisting, tending to slip through the hands, the so-called "rag-doll" baby. Although weakness, hypotonia, and a very obvious increased range of passive movements at the joints are equally a feature of children with benign congenital hypotonia, children in the latter group always show some spontaneous mobility of the limbs and are never so completely paralysed as the severe cases of spinal muscular atrophy. In cases of symptomatic hypotonia, weakness and hypotonia are usually even less; nor do these cases show respiratory muscle involvement, with recession of the lower ribs at the diaphragmatic attachment during inspiration, a feature which is sooner or later invariable in cases of spinal muscular atrophy and only occurs to a limited extent in the most severe cases of benign congenital hypotonia. Fasciculation of the tongue, too, and other evidence of bulbar involvement such as pooling of secretions in the pharynx, occur only in cases of the Werdnig-Hoffmann type. In similar cases which survive into the second year of life, muscular contractures and severe skeletal deformities, secondary to muscle weakness, invariably develop. Such phenomena are uncommon and relatively slight in cases of symptomatic and benign hypotonia. Furthermore, depression of tendon reflexes is most severe in cases of the anterior horn cell disease, and is less striking in examples of benign hypotonia, while in many of the symptomatic cases the reflexes are normal or even unusually brisk. Also, as I have mentioned, in cases of the latter type there may be signs which indicate the nature of the primary condition, of which generalized hypotonia is but a symptom. So far as investigations are concerned, the electromyogram in spinal atrophy may show spontaneous fibrillation in a considerable proportion of cases, while volitional activity usually takes the form of repetitive large and broad motor unit potentials; in symptomatic hypotonia the record will generally be normal. My findings suggest that in benign congenital hypotonia the interference pattern of voluntary effort will often show excessive polyphasic and short duration potentials, similar to those seen in myopathic disorders. However, it should be remembered that electromyography may be difficult to carry out satisfactorily in young infants. Muscle biopsy, on the other hand, may be of the greatest value, since in spinal muscular atrophy it will reveal the characteristic atrophy, in groups, of muscle fibres, which is characteristic of denervation, while in the other two groups of cases muscle specimens when studied with conventional techniques will usually be normal, except when the hypotonia is symptomatic of some other muscular disease. Finally, we must mention that the natural history of the illness will eventually make diagnosis certain, as cases of spinal atrophy will become progressively weaker, those of benign hypotonia will improve, and in those with symptomatic hypotonia the nature of the underlying disease will surely become apparent.
I do not wish to imply, by formulating these principles of differential diagnosis, that it is an easy matter. In many cases it will be impossible to be certain of the true state of affairs after a single examination and it may be necessary either to await the course of events, a decision which will inevitably cause some distress to the child's parents, or to arrange investigations in hospital, in the hope of reaching an early decision. Even then there wiU undoubtedly be difficult cases in which only time and repeated observation will solve the problem; but I hope that some of the information I have given may be of help in allowing an accurate prognosis to be made earlier in an increased proportion of cases.
Dr. J. G. Greenfield congratulated Dr. Walton on his clarification of what had been a very confused subject. In his opinion this confusion was chiefly due to Oppenheim, who had diagnosed as myatonia congenita many cases which later progressed and on pathological examination showed the lesions described by Werdnig and Hoffmann. On reviewing the literature in 1927 (Brain, 50, 652) he found that in all except two of the fatal cases, in which the diagnosis of amyotonia congenita had been made up to that time, the lesions were identical with those of the Werdnig-Hoffmann type of paralysis. In the other two cases the clinical features indicated a central lesion of the brain or cerebellum. But at that time he was aware of the familial cases later published by Dr. Aldren Turner. In 1955 he had seen two cases in the United States which corresponded to Dr. Walton's description of benign congenital hypotonia. In both cases the proximal muscles were chiefly affected and in both, muscle biopsy showed quite normal muscle. Biopsy was a valuable aid to diagnosis and prognosis, but it must be remembered that in very young infants all the muscle fibres were of small size, otherwise there might be confusion in the interpretation of the histology. He agreed with Dr. Walton that the name "Amyotonia congenita" should be dropped and the name "Benign congenital hypotonia" used for cases of this kind.
Dr. A. L. Woolf said that Oppenheim (1900), in an admirably concise report headed "Myatonia in Early Childhood", had drawn attention to a number of infants he had seen, who showed a remarkable degree of hypotonia or even atonia, which seemed to date from birth. Several of these children had improved in the course of time and Oppenheim, therefore, believed the condition resulted from a retardation in development of muscle or anterior horn cells, rather than an acquired disease of the nervous system. From a study of the literature, it seemed clear that most of the confusion over the relationship of amyotonia congenita to Werdnig-Hoffmann disease had resulted from the difficulty in distinguishing the two conditions by clinical examination alone. Oppenheim (1908) recognized this and emphasized the importance of the clinical history. He was no doubt referring to the early onset and tendency to spontaneous improvement which were characteristic of the cases he was describing. It was possible that Oppenheim did not realize that Werdnig-Hoffmann disease could manifest itself in the first six months of life, but as far as the written word was concerned it appeared that we must hold Rothmann (1909) responsible for the suggestion that congenital cases might be considered as Oppenheim's disease and cases of later onset as of the Werdnig-Hoffmann type. This suggestion, unfortunately, appeared to have been adopted, and the morbid anatomical basis of Oppenheim's disease deduced from histological examination of spinal cords from cases which were really examples of Werdnig-Hoffmann disease, true cases of amyotonia congenita, by their very nature, being unlikely to come to post-mortem examination. It was little wonder that it became accepted that the anatomical basis of amyotonia congenita and Werdnig-Hoffmann disease was the same and that they were, in fact, one and the same disease.
Henceforth, the two terms were used interchangeably. Dr. Walton had more sharply defined the clinicopathological entity of Werdnig-Hoffmann disease and emphasized that it might have a congenital or even antenatal, onset. He had shown some of the remaining cases might be due to a variety of causes, including a group which could not at present be further brolken down and which resembled closely those described by Oppenheim as myatonia congenita. Dr. Woolf suggested that these cases were, in fact, examples of Oppenheim's disease that Dr. Walton had rescued from the miscellaneous group of infantile hypotonias, amongst which their special nature had for so many years been lost sight of, owing to the indiscriminate application to all the cases in the group, of the term amyotonia congenita. Dr. Woolf further suggested that, henceforth, recognition should be given to Oppenheim's service in drawing attention to the congenitally floppy baby with good prognosis, by retaining his term myatonia congenita or amyotonia congenita, but that it should be made clear that not every case of hypotonia, with a congenital or antenatal onset, fell into this group.
With the possibility of diagnosing amyotonia congenita in life, the opportunity of defining the changes in the muscle and intramuscular nerve endings by muscle biopsy became more favourable and might thus result in a useful diagnostic aid. Dr. Woolf briefly described three cases. The first (case of Dr. B. S. B. Wood), a child of 10 months with the clinical features of amyotonia congenita, showed a muscle completely normal in all respects.
Bielschowsky preparations showed a rich innervation. Acetyl cholinesterase preparations showed large numbers of subneural apparatuses of end-plates, which were just as complex, though naturally smaller, than those of an adult. Vital staining with methylene blue showed end-plates only slightly less elaborate than those of a normal child aged 1 year (preparation kindly lent by Dr. C. Covrs). This child, shortly after muscle biopsy, rapidly improved, the tendon reflexes even becoming brisk.
There had been a blood urea of 54 mg./100 ml. but there was no other evidence for a biochemical disorder as the basis of the condition, and at any rate, biopsy had foretold the favourable outcome.
The second child (case of Dr. H. Parry Williams), aged 2 years 4 months, also showed the clinical features of amyotonia congenita. The muscles were very slender indeed, as seen in radiographs, and there was a flexion deformity of the outer three fingers on each side. Muscle biopsy did not show any definite abnormality in haematoxylin and eosin preparations, but acetyl cholinesterase preparations showed few end-plates, and those present appeared to contain little acetyl cholinesterase, only a few crystals of brown staining material being present even after three and a half to twentyfour hours' incubation. Vital staining with methylene blue showed many end-plates and nerve fibres. Some of the end-plates were poorly formed or bizarre, but many were as mature as in the adult. The course of the nerve fibres across the muscle fibres was more oblique than normal, as though muscle fibres had been lost. There were also some fine beaded sprouting nerve fibres. The significance of these findings was obscure but they did not strikingly suggest immaturity.
Finally, Dr. Woolf referred to a case of myasthenia gravis (Dr. E. R. Bickerstaff's case), who had always been slow in his movements, but had recently, at the age of 12 years, developed a ptosis of myasthenic type with good response to Prostigmin. Vital staining with methylene blue and acetyl cholinesterase preparations showed that, while the majority of the end-plates were of "adult" type, a minority consisted only of one to three simple spherical expansions, grouped closely together so that no terminal arborization could be seen. The significance of these immature looking endplates is not yet clear but it is obvious that this appearance must not be regarded as diagnostic of amyotonia congenita. REFERENCES The London Hospital Medical College Introduction.-Muscle is made up of fibres, the structures (motor end-plates) which innervate them, and the connective tissue which binds them together. The fibres are themselves composed of (i) the contractile elements, and (ii) the sarcosomes which occur between them. Of the two main metabolic pathways by means of which glycogen is oxidized to produce energy the group of enzymes concerned with the anaerobic path are concentrated in the contractile portion and those concerned with the aerobic pathway in the sarcosomes.
Suitable techniques are not available for the histochemical demonstration of the first group of enzymes but techniques are available for the second, particularly succinic dehydrogenase and cytochrome oxidase which are largely concentrated in the sarcosomes; and these were among those used in this study. It was thought that as well as making a study of the enzyme activity of these bodies, observations should also be made of their general shape and appearance.
MATERIAL
Controls.-In this work controls were obtained at one-hour post mortem from two young healthy adults and four specimens were obtained within twelve hours of death from elderly people. A few control specimens of doubtful value were also obtained-one was taken during a cup arthroplasty (in this the muscle was definitely abnormal) one was taken at amputation of a limb which had been immobilized by accident and disease for twenty-five years (in this the muscle showed simple atrophy), and some specimens were also taken from the abdomen at operation.
All diseased muscle used for comparison with these controls was taken by biopsy and was put straight on to solid carbon dioxide in a sealed glass jar. The histochemical techniques were usually commenced on such samples of muscle within fifteen minutes of its removal from the body. All biopsy specimens were taken from the motor point as indicated by surface and direct faradic stimulation. The muscle chosen for biopsy was one in which functional changes were rapidly taking place. The diseases from which biopsy material was obtained included: facio-scapulo-humeral dystrophy, pseudohypertrophic dystrophy, familial dystrophy, polyneuritis, polymyositis, motor neurone disease, peroneal muscular atrophy, several neuropathies and myopathies of unknown origin, carcinomatous neuropathies and myopathies. RESULTS Sarcosomes.-A. Structure.-Heidenhain's iron hmmatoxylin method was used to demonstrate the sarcosomes. In rat muscle a number of elongated structures were found to be demonstrated by this method, and in human muscle many small rounded structures were seen. Some doubt was felt as to whether these structures were, in fact, sarcosomes. In a number of specimens of dystrophic muscle these rounded structures did not appear to be demonstrated and in many cases they appeared to form elongated strands of material which took up the stain strongly. However, similar structures were found in normal muscle which had been subjected to trauma. But this condition was found more often in dystrophic than in normal muscle, which suggests that if it is due to collapse of the sarcosomes, then the latter are more fragile in dystrophic muscle. This problem cannot be adequately solved until the precise identity of the hiematoxylin-staining structures are known, and this will require electron microscopy. B, Enzymes.-A histochemical test for succinic dehydrogenase was used, the technique being that of Seligman and Rutenburg (1951) as modified by Shelton and Schneider (1952) .
